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"Practical design tools for composite steel-concrete construction
elements submitted to ISO-fire considering the interaction between
axial load N and bending moment M. "
Agreement JV° 7210 - SA/504 C.E.C. - ARBED
SUMMARY
The thermo-mechanical laws describing the behaviour of steel and con¬
crete at various temperatures are presented first and discussed. These
stress-strain relationships have been slightly -unproved in order to
better simulate all boundary conditions. The choice concerning heat
exchange, particularly the convection factor and the relative resultant
emissivity used in CEFICOSS calculations, is described.
The selection of material qualities has been limited to four basis pos¬
sible combinations, because it could be shown that any other combina¬
tion with intermediate qualities of structural steel and concrete is
covered by a most simple interaction method.
The first part of this research programme concerns FOUR DUsTERENT
CROSS SECTION TYPES OF CCMPOSITE COIXMiS for which all geometrical
parameters have been defined. These columns have been analysed under
ISO-fire conditions starting with a constant first order eccentricity.
Results, i.e. the AXIAL BUCKLING LOAD Ntø together with the cor¬
responding FIRST ORDER ECCENTRICITY, are given in tables for the
fire classes F30, F60, F90 and F120, and for buckling lengths of 2.00,
4.00, 6.00 and 8.00 m, whereas a simple interpolation method allows to
consider intermediate buckling lengths. These tables include informa¬
tions for various eccentricities selected in such a way as to permit a
linear interpolation for all possible (N, M) combinations. Moreover a
method is proposed allowing to take profit of the advantage of a non
uniform first order bending moment distribution.
The second part of this research programme concerns itikww TYPES OF
COMPOSITE BEAMS, statically determinate and uniformly loaded. Tables
are presented for the different fire resistance classes, and give the
ULTIMATE BENDING 1ÆMENTS and the ULTIMATE SHEAR FORCES. These
tables include different concrete slab thicknesses and effective
widths, and an interpolation method is given for intermediate values.
The ultimate bending moments correspond to the plastic hinge equili¬
brium failure; if a deflection criterion is requested, the beam deflec¬
tion evaluation method presented on the basis of moment-curvature dia¬
grams could be used.
VII
"Outils pratiques de dimensionnement pour des éléments de construction
mixtes acier-béton soumis au feu ISO compte tenu de l'interaction entre
l'effort axial N et le moment de flexion M".
Contrat N° 7210 - SA/504 C.C.E. - ARBED
RESUME
Dans une première phase les lois de comportement thermo-mécanique de
l'acier et du béton introduites dans le programme sFICOSS sont présen¬
tées et discutées. Les lois -e de l'acier et du béton à haute tempéra¬
ture ont été légèrement améliorées de manière à mieux simuler certaines
conditions limites. Ensuite sont décrits certains choix relatifs aux
échanges thermiques, notamment les coefficients de convection et de
radiation utilisés dans les calculs.
Le choix des qualités d'acier et de béton a été limité à quatre combi¬
naisons extrêmes possibles, car il a été établi que des combinaisons
acier-béton réalisées avec d'autres qualités intermédiaires pouvaient
être couvertes par des méthodes d'interpolation très simples définies
dans ce rapport.
La première partie de la recherche concerne QUATRE TYPES DIFFERENTS
DE SECTIONS DROITES DE OOiCNNES, pour lesquelles ont été définis les
paramètres géométriques à prendre en compte, tels que 1' armaturage du
béton ou les longueurs de flambement. Ces colonnes ont été calculées au
feu avec une excentricité initiale du premier ordre constante, et les
résultats sont proposés en tables donnant les CHARGES AXIAIES AEMIS-
STRTES EN PONCTION DES EXKTRICITES pour les classes au feu F30 à
F120, et pour les longueurs de flambaient de 2.00, 4.00, 6.00 et 8.00
mètres, tandis qu'une méthode simple d'interpolation est donnée pour
d'autres longueurs. Ces tables colportent les valeurs correspondant à
différentes excentricités choisies de manière telle que l'interpolation
linéaire entre ces valeurs donne de bons résultats. Enfin, une méthode
est proposée pour prendre en compte l'effet bénéfique d'une distribu¬
tion de moments non uniforme qui est le cas habituel en pratique.
La seconde partie concerne TROIS TYPES DE POUTRES MDCEES isosta¬
tiques soumises à une charge uniformément répartie. Pour ces poutres,
les tableaux fournissent les MCMNTS ULTIMES correspondant à l'ap¬
parition d'une rotule plastique et les EFFORTS TRANCHANTS ULTOB
pour les différentes classes de résistance au feu. Ces tableaux sont
établis pour différentes épaisseurs de dalle et différentes largeurs
collaborantes entre lesquelles une interpolation est possible. D'autre
part, comme un critère de déformation peut être demandé dans le cas de
poutres, une méthode d'évaluation des déformations à partir de diag¬
rammes moments-courbures est proposée.
VIII
Praktische Bemessungshilfen für die Interaktion von Normalkräften (N)
und Biegemomenten (M) für Stahl-Beton Verbundelemente unter
Feuerbeanspruchung (ISO - Kurve)
Vertrag If 7210-SA/504 K.E.G. - ARBED
ZUSAMMENFASSUNG
In der ersten Phase wird das verhalten der thermomechanischen Gesetzen
von Stahl und Beton, die im Program CEFICOSS enthalten sind, behandelt.
Die Gesetze σ - ε von Stahl und Beton wurden bei hohen Temperaturen
leicht geändert, um einige Randbereiche besser simulieren zu können.
Weiterhin werden die thermische Konvektionszahl, die
Wärmeleitfähigkeit, die spezifische Wärmekapazität und die mittlere
Emissionszahl besprochen.
Die Wahl der Beton- und Stahlgütekombination wurde auf vier mögliche
äussere Kombinationen begrenzt. Um nun auf andere innere Beton- bzw.
Stahlgüten zu schliessen, geben wir einfache
Interpolationsmöglichkeiten an.
Der erste Teil des Berichtes behandelt VIER VERSCHIEDENE STUETZEN
QUERSCHNITTE, bei denen die geometrichen Abmessungen, die Lage der
Bewehrungseisen im Beton, sowie die Knicklängen als feste Angaben
definiert sind. Die Stützen wurden mit einer konstanten Imperfektion
ersten Grades berechnet. Die Werte der Tabellen geben die aufnehmbare
ZENTRISCHE DRDCKIAST, bezogen auf die jeweilige EXZENTRIZITÄT,
für die Feuerwiderstandsklassen F30 bis F120 und die Knicklängen L =
2.0, 4.0, 6.0, 8.0 Meter an. Andere Knicklängen können linear
interpoliert werden. Die Wahl der verschiedenen Exzentrizitäten wurden
so festgelegt, dass durch lineare Interpolation,
Zwischenexzentrizitäten noch gute Resultate geben. Weiter schlagen wir
eine Methode vor, mit der man von einer rechteckförmigen
Momentenverteilung auf eine andere beliebige Momentenverteilung
schliessen kann. (z.b. dreieckförmige Momentenverteilung) .
Der zweite Teil des Berichtes behandelt DREI
VERBUNDTRAEGERQUERSCHNITTE. Die Träger sind gelenkig - gelenkig
verschieblich gelagert (statich bestimmt) und haben als Belastung eine
unveränderliche Gleichlast. In den Tabellen haben wir die Werte der
PIASnsCHEN M34ENTE (Bildung eines plastischen Gelenks) , sowie die
PIASnSCHEN QUERKR&PTE bei verschiedenen Feuerwiderstandsklassen
aufgeführt. Die Werte der Tabellen enthalten verschiedene Deckenstärken
und verschiedene mitwirkende Plattenbreiten. Andere Deckenstärken oder
Plattenbreiten können interpoliert werden. Wenn Verformungskriterien
gefragt sind, schlagen wir eine Methode, mit Hilfe von Momenten -
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1.1. Thexxay-mBchanical oaqjutar modal CEFICOSS
During the C.E.C, research, agreement N° 7210-SA/502 [l], a
computer programme for the analysis of steel and composite
structures under fire conditions has been developed. It is based
on the finite element method using beam elements with
subdivision of the cross section in a rectangular mesh. The
structure submitted to increasing loads or temperatures is
analysed step-by- step using the Newton-Raphson procedure. The
thermal problem is solved by a finite difference method based on
the heat balance between adjacent elements.
The numerical simulation of several full scale fire tests per¬
formed during various research projects (LlJ, L2J, L3J, 1.4J,
[5]) has demonstrated that this numerical software CEFICOSS
is able to simulate in a correct way the structural behaviour
of elements submitted to fire and provides a pretty good estima¬
tion of the fire resistance times. CEFICOSS is a tool, which
allows most credible prediction of the fire resistance of
columns or beams, and especially of steel-concrete composite
elements (Εβί, Μ, [β], Ì9Ì)
1.2. Aim of research
The programme CEFICOSS can be used by engineers having a suffi¬
ciently good knowledge of Numerical Calculations and of the
Problems arising under Fire conditions.
However this powerful software permits also a simulation of the
behaviour of whole structures submitted to fire which leads of
course to quite substantial C.P.U. (calculation) time. Therefore
this computer code is not necessarily a practical software for
those designers who have only to quickly check a given cross
section.
In order to make the quite interesting results of this computer
oode available to everybody, it has been decided to establish
tables or diagrams for different types of composite cross sec¬
tions and for the most commonly used structural elements, e.g.
beams and columns.
Finally the aim of this research was to give practical tools to
designers allowing simultaneously an easy and realistic STRUC¬
TURAL FIRE DESIGN of eccentrically loaded composite columns (N-M
interaction, buckling included) and of statically determinate
composite beams subjected to a uniformly distributed load (see
figure 1.1) .
The ISO-fire resistance classes F30, F60, F90 and F120 have been
considered in this research.
1.3. Advisory ComaLttee composed of European Experts
A critical problem regarding the choice of a lot of parameters
occured right at the beginning of this research. As a matter of
fact the calculation by means of numerical simulation of ele¬
ments submitted to fire was a totally new concept, and further¬
more all the parameters governing the heat exchanges as well as
the failure criteria had to be chosen.
Moreover some parameters regarding the calculation of composite
elements in normal service conditions were not identical in the
different European Countries, whereas the Eurocodes even now are
not definitively established and adopted.
Therefore in order to obtain the largest possible agreement all
over Europe for these research results, it was decided to
constitute a special committee, the so called "ADVISORY
COM4ITTEE REEAO II", whose duty was to fix the parameters
needed for computer calculations and to closely supervise the
progressing of this research work.
This committee is conposed of the following gentlemen:
from Belgium Dr. P. VANDEVEIDE
France Dr. J. KRUPPA
Germany Prof. Dr. H. BODE and
Dr. R. BERGMANN
Great Britain Dr. G. COOKE
Netherlands M. L. TWILT
Portugal Prof. A. TOVAR DE LEMOS
Sweden M. J. THOR
Switzerland M. J. -P. FAVRE
and of course of the direct research assistants:
from Belgium Dr. J.-M. FRANSSEN and
from Germany Prof. Dr. W. KLINGSCH
All calculation conditions are presented in this final report
and correspond to the previous Technical Reports N° 1 to 7
<[l0], [ll], [12], [13], [14], [löi, [l6]). This matter has
been discussed in detail during five two days meetings and con¬
clusions have been unanimously accepted by all the members of
this ADVISORY COMMITTEE REFAO II.
2. THERMO-MECHANICAL MATERIAL PROPERTIES
2.1. Thermal properties of concrete and steel
In order to compute the time dependent temperature field in com¬
posite structural elements, the thermal conductivity λ (W/m.k)
and the specific heat C (J/kg.K) of concrete and steel must be
known as functions of temperature. These functions are presented
in figure 2.1. for the thermal conductivity and in figure 2.2.
for the specific heat, while the thermal expansion for concrete
and steel is given in figure 2.3. These laws are the original
laws introduced in the program CEFICOSS LlJ.
The density of concrete and steel is taken as constant: 7850
kg/m3 for steel and 2350 kg/m3 for concrete.
2.2. Stress-strain relationships of steel
The relations between stresses σ and stress-related strains
i^y are non linear and, moreover, vary with temperature.
Figure 2.4. shows the general σ - J^y diagram for steel. This
diagram is characterized by 3 temperature dependent parameters:
the yield point Oy, the elastic modulus E0 and the elastic
modulus E*.
The reduction of the yield point in function of temperature is
given in figure 2.5, while variations of elastic moduli are
given in figures 2.6 and 2.7. The figures 2.8 and 2.9 show the
resultant diagram for the steel quality Fe360.
It has to be pointed out that these laws include the strain
hardening effect of steel, which is significant in zones of
.Important bending moments. This is due to the fact that strain
hardening can have only an influence when strains are iitportant.
The influence of strain-hardening grows with temperature because
on one hand strains grow too with temperature and on the other
hand the σ - Eq laws for steel show that the strain-hardening
effect is more important at 300 - 400°C than at ambient tempera¬
tures (see figure 2.7) .
After several comparative calculations shown in the previous
technical reports, the Advisory Ccninittee Refao II decided
to take the strain hardening effect of steel into account, as
well for beams as for columns, because this corresponds to phy¬
sical reality.
However these laws have been slightly improved in comparison
with those laws included in [ll:
- qj^jj has been limited to 1.5 Oy (see figure 2.4)
- Between 600°C and 1200°C, the strain-hardening modulus
E* linearly decreases to 0. (see figure 2.7)
Indeed, the previous constant strain-hardening modulus of 84
KN/cm2 for tenperatures higher than 600°C could lead to
significant stresses for very high strains. This could give
exagerated fire resistance times in some limit cases (pure
bending or pure tension for instance) .
- As indicated in figure 2.7 the strain hardening modulus
E follows practically the law proposed by Anderberg
([17], [l8]).
2.3. Stress-strain relationships of concrete
The concrete laws used earlier in CEFICOSS [l] have been
improved in order to correspond to the behaviour of concrete at
high temperatures given in existing litterature.
In the new formulation, the descending branches remain linear,
but the corresponding modulus E~ is now a function of
temperature, and the descending branches cross one another as
indicated in many publications (see [l9l for instance) .
These improved concrete laws are shown in figure 2.10, and the
corresponding parameters are defined in figures 2.11, 2.12, and
2.13.
It has to be pointed out that the ascending branches of these
improved new laws remain unchanged, exactly as given in LI J.
Moreover in all calculations of this final report the tension
strength of concrete has been neglected and therefore the range
III defined on figure 2.13 has never been used.
2.4. Validity of improvements
The program CEFICOSS has been calibrated in a previous research
[l] by means of numerous full scale fire tests on various
types of structural elements. The iitprovements of material laws
proposed above have been definitively accepted by the "Advisory
Committee REFAO-II" only after a new simulation of these tests
had been done on the basis of the improved material laws. The
detailed simulations, given in the technical report n° 5
[14], show totally insignificant differences between calcu¬
lation results, less than 2% regarding fire resistance times,
and also quite small regarding structural deformations.
In that respect it should be mentionned that for composite
steel-concrete construction elements a slight material law
modification of either steel or concrete is obviously less
critical than for pure steel or pure concrete elements.
3. FACTORS GOVERNING THE HEAT TRANSFER
3.1. Heating curve
All the calculations performed in this research have been made
with the ISO-834 L20J standard heating curve, giving a gas
temperature varying as follows around the heated element:
Tg = 20 + 345 log10 (8t + 1)
With t = fire time in minutes.
3.2. Coefficient of convection
Following the recommendations of Technical Committee 3 of the
ECCS [21] it was decided to make all the calculations in
this research programme with a value α=£5 W/m?.K for the
convection heat transfer.
3.3. Resultant emissivity
The resultant relative emissivity ε* to be introduced in
CEFICOSS could vary between 0.45 and 0.7; that value depends on
fire test conditions, and also normally varies during a test
with temperature.
As suggested in the recommendations of the ECCS Í2l], only
one constant value ε*=0.5 has been used as well for
concrete surfaces as for steel surfaces.
3.4. Water content of concrete
The residual water content of concrete can vary from 40 up to
120 1/m3 according to measurements made on tested elements des¬
cribed in [l]. That value has to be defined in CEFICOSS to
perform as well as possible a test simulation.
A fire generally occurs, however, on a structure existing since
a quite long time, and situated inside of building in quite dry
surroundings. Therefore the lowest value of 40 1/m? has been
adopted.
3.5. Validity of chosen parameters
To check the validity of choices, a few columns and beams have
been calculated to see what is the influence of the resultant
relative emissivity on results given by CEFICOSS. Furthermore
one simulation has been performed by varying the coefficient of
convection α to estimate also his influence.
The comparison of results for three examples calculated with
different values of ε* and α is given in figure 3.1. The first
table of this figure shows that an increase of ε* from 0.5 to
0.7 decreases a few minutes the calculated fire resistance time.
The highest difference reaches 8 minutes (=8%) for the failure
time of the beam.
The second table shows that the proposed value α = 25 W/m?.K is
in safe side.
As conclusion and in accordance with the European Recommenda¬
tions of ECCS [21], the values proposed in § 3.2 and § 3.3
have been adopted and used in all the calculations.
4. MATERIAL QUALITIES
4.1. Structural steel qualities
In order to limit the number of calculations to be performed,
the steels Fe360 and Fe510 only have been considered. The
Fe430 steel commonly used in United Kingdom, however, can be
covered through a simple interpolation method.
4.2. Quality of reinforcement
Eurocode n°4 [22] has foreseen S220, S400 and S500 where
the numbers indicate the minimum yield strength Oy in N/mm2.
Only the quality S500 has been considered in this research
because it is now the most commonly used reinforcing steel.
Moreover a high strength reinforcement is the most interesting
for composite sections submitted to fire.
4.3. Concrete qualities
The concrete classes C12-16-20-25-30-35-40-45-50, are defined in
the Eurocodes where the numbers indicate the characteristic
resistance in compression measured on cylinders. However for
conposite structures, the minimum quality to be used is C20.
Both classes C20 and C50 have been considered to cover the
whole field and to permit therefore an interpolation for any
other concrete. A very sinple interpolation method is proposed
further.
4.4. Pesian strength of m»f<p»-faj?
The calculation of construction elements submitted to fire is
not covered by Eurocode 4 [22] in its current version.
Therefore, material design strengths had to be selected on basis
of full scale tests simulations, as made in [l]. The follow¬
ing choices have been made for the calculations with CEFICOSS
as leading to the best onrmonlancB with tests:
for steel: the yield strength Oy (fy in Eurocode 4)
for concrete: fck = ßcylinder (characteristic value mea¬
sured on cylinders 0 150 χ 300 at 28 days)
for the reinforcing bars: the yield strength Oy/S =
500 N/mm2 (fsk in Eurocode 4) .
Definitions of fy, fck and fsk comply with Eurocode n°4
L22J, and no reduction factor will be applied on them.
4 -5- Interpolation method for steel F&430 «5 y = 275 N/mnf)
The easiest possible interpolation method is a linear method
with a simple basis, as for instance the yield strength Oy in
cold situation. Such a method assumes that any material contri¬
butes for a part to the fire resistance of the composite ele¬
ment, and that this part increases proportionally when the
material strengths grows.
This method has been tested on many examples and gives very good





Oy = 235 N/mm2
Oy = 275 N/mm2
Oy = 355 N/mm?
For columns in steel Fe430 the interpolation formula for a given
fire resistance class and a given eccentricity is the following
one:
Ν430,F - N360,F + 1/3 <N 510,F " N 360,F> (1)
where the coefficient 1/3, calculated from the ratio of the
differences of yield strengths (275-235) / (355-235) , defines a
linear interpolation between the two steels Fe360 and Fe510.
N360 F anci N510 F are the axial loads given for an
identical column, and read in tables corresponding to steels
Fe360 and Fe510 for a same eccentricity e, the same fire resis¬
tance class F and of course a same concrete quality.
For beams, interpolation is made in the same way:
^30,F = ^360,F + 1/3 <<3510,F " ^360,F>
where q are the uniformly distributed loads corresponding to the
different steels for a same span and a same fire resistance
class F of a given section.
This formula can also be written in terms of ultimate bending
moments for the given section:
M[430,F = M360,F + 1/ó <M510,F " M360,F > (2)
Appendix A of PART III includes a few examples showing the vali¬
dity of this linear interpolation method for steel Fe430.
4.6. Interpolation method for intermediate concrete qualities
A same simple method has been tested on many examples, using the
characteristic compression strength of concrete as basis to make
linear interpolations. It has been observed (see Technical
Report n°5 [ll]) that this method gives also very good
results when applied on concrete quality.
For a column made with concrete of quality Cx, for any χ such as
20 < χ < 50, it may be written for a given fire resistance class
F and a given eccentricity e:
NCx,F = NC20,F + 5%--2:8τ · <*C50,F ~ NC20,F > (3)
Similarly for beams:
Mcx,F = *ÍC20,F + x-~2°- <*fc50,F " *fc20,F>
50 - 20
(4)
A few examples given in Appendix A OF PART III show the accuracy
of this linear interpolation method.
5. DESIGN OF CONSTRUCTION ELEMENTS IN NORMAL SERVICE
CONDITIONS
5.1. Calculation with CEFICOSS
There is of course a very good opportunity to calculate with
CEFICOSS any structural element in normal service conditions.
The static modulus included in the programm can indeed check the
bearing capacity of any composite element, and it is then
possible to find after a few iterations the highest admissible
load at ambient temperature.
By calculating in that way many composite columns and beams, the
validity of the program CEFICOSS has been demonstrated also in
normal service conditions (see [ill and [l2J) .
5.2. Conformity with Eurocodes or National Codes
Calculations carried out with CEFICOSS in normal service condi¬
tions may have some deviation from the results calculated in
accordance with Eurocode N°4[22] or any National Standard,
if parameters accepted for fire situation are used.. The
following points have to be considered as leading to
complication for a direct use of results given by CEFICOSS in
normal service conditions:
a) Standards generally use a simplified steel law having an
horizontal plastic plateau, without any strain hardening
effect. To receive comparable results, calculations in
cold service with CEFICOSS had to be performed with
modified steel laws. This possibility has been, however,
introduced in the programme.
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b) Standards define material strengths which have to be used
in computations and which can differ in some countries in
their definition (characteristic strength of concrete
measured on cylinder or on cube for instance) or in the
safety factors to be used.
c) Very important controls have to be done in normal service
for phenomena like creep and shrinkage of concrete, which
are not directly considered in the programme CEFICOSS.
d) For beams a control of deflections has usually to be done,
more often than not also under a part of the total load
(the live load) which is not a constant part.
e) In some cases (see [23] for instance) the cross sec¬
tion considered for calculations in normal "cold" service
may differ from the resisting cross section in fire. For
example, according to figure 5.1 it is more convenient to
calculate conposite AF beams with the resisting cross sec¬
tion A, in order to avoid a conplicated design of shear
connectors and stirrups inside of the steel profile in
normal service conditions. On the other hand, the cross
section B is used to check the bearing capacity in fire,
with very simple rules to determine shear connectors and
stirrups, based on experimentation.
All the remarks above show that a calculation with CEFICOSS in
normal service conditions had to be performed completely apart
from the simulation in fire, with other assumptions regarding
the cross section and the material laws. Moreover there are many
additional controls to do, and only one calculation would not be
sufficient .
5.3. Reduction of loads in fire conditions
The loads to be considered for a calculation in fire are not yet
defined in Eurocode 4 [22], but some National Fire Codes
accept clearly a load reduction for fire conditions, and this
concept will probably appear too in Eurocode 4.
As a matter of fact it is not logical to consider for instance
the full wind load on building together with a fire situation.
Therefore an ultimate interaction curve N-M in normal service is
not directly comparable with an interaction curve in fire, even
under consideration for the safety factor (1.5 for instance)
used in normal service conditions, because load N and ratio
e=M/N will not be identical in both situations.
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5.4. Conclusion
As the aim of this research is to provide design tools for fire
situation, and as there are too many parameters in normal
service conditions, the decision has been taken to omit comple¬
tely to make calculations for normal service conditions.
This decision will also lead the designers to make first a
correct and complete verification for normal service conditions.
6. PARAMETERS FOR COLUMNS
6.1. Section types
The 4 different types of cross section to be studied in this
research programme are presented in figure 6.1. by sketches A to
D.
They are:
A: Traditional AF-section with reinforced concrete inside of
chambers of the steel profile.
B: Tee-shapes are welded on the web of main profile.
C: Octagonal section.
D: Completely encased steel profiles.
6.2. Selection of steel shapes
For section type A (called AF section), it is interesting to
use a steel profile having quite thin flanges, and series HEAA,
HEA as well as some W and HP are particularly convenient. Prio¬
rity will be given to series HEA in size 300 to 650, because it
is the most commonly used series.
The section type B. called AFC-section, will be calculated with
a priority for the same HEA series with tee-shapes from HEM.
For octagonal section type C. so called AF8 section, IPE and HEA
series of which two identical steel profiles are combined
together will be considered in a first step, as for instance IPE
500 + 2 χ 1/2 IPE 500.
The section type D, called HEC section, can be interesting with
any thick flanged steel shape, as for instance HEB, HEM or HD.
Priority will be given to the HD series.
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6.3. Reinforcement: area and layout
It is of course interesting to put as many reinforcing bars as
possible inside of concrete, because of the good situation of
re-bars protected from fire. However Eurocode 4 [22 J limits
reinforcement area at 3 % of concrete area for calculation in
normal service conditions. Such an area of reinforcement has
been placed in section types AF to reach approximatively these
3%.
As concerns the AFC section, just a surface wire mesh is needed
to avoid spalling of concrete in fire. This wire mesh will be
neglected in calculations.
For section type HEC (full encased steel shape) a reinforcement
of 4 0 12 with stirrups will be taken into account for any cross
section.
Bars will be placed at 60 mm far away of exposed concrete
surfaces in AF and AF8 types. It is very important, however, to
pay attention to the layout of re-bars given in this report with
tables of results. That is particularly important for the first
section type (AF) for which it is reasonable to locate re-bars
differently according to the plane - of bending. As a matter of
fact all the bars have ideally to be placed near the surface of
concrete for minor-axis bending, but rather near steel shape
flanges for majoi^axis bending (see figure 6.2).
The octagonal section type AF8 has been found to be not very
interesting without reinforcement in concrete, because the load
bearing capacity in fire very quickly decreases as shown on
figure 6.3. It is economically very good to incorporate reinfor-
cing bars for the bearing capacity in fire goes up of about 75%
for an addition of 17 % of steel.
6.4. Bending moment distribution
Except when transverse loads are applied between columns ends -
which is not usual in normal buildings - the distribution of
bending moments along the column may have any form presented in
figure 6.4 and summarized by the schema of figure 6.5.
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As shown in figure 6.6 by means of diagram N-e, distribution
type 1 (ψ = - 1, bi-triangular distribution) is the most
favourable one, allowing highest eccentricity for a given axial
load, or the highest axial load for a given eccentricity. The
distribution type 5 (ψ = 1, uniform distribution) is the most
unfavourable one, whereas the unsymetrical distribution 2 is
most usually encountered.
To go in the same way as Standards for design in normal service
conditions, the columns have been calculated with the most
unfavourable distribution of moments which is uniform, having a
constant eccentricity and therefore a constant first order ben¬
ding moment. A transformation method is proposed next for other
distributions, allowing to reduce the unfavourable effect of the
uniform one.
6.5. Eccentricity τ "»»ta
Practically columns rarely have a bending moment about minor
axis, and when it exists, it is mainly due to geometry of the
connection. Anyway, eccentricity about minor axis remains small.
Therefore investigations may be limited to a zone situated near
the N-axis for N-M interaction about weak axis: Of course this
conclusion cannot be valid for columns having an important
transversal rigidity, as for instance octagonal sections.
After discussion of this topic with the members of the Advisory
Committee, the field of eccentricities to be covered has been
limited to e/B = 1.0 for bending about minor axis, where e is
the eccentricity and Β is the width of the section (fig. 6.7) .
For bending about major axis, the whole field of eccentricities
has been covered.
6.6. Ruckling lengths
The column buckling lengths considered in this project have been
chosen between 2.00 meters and 8.00 meters by steps of 2.00
meters. Therefore, pin-ended columns of 2.00, 4.00, 6.00 and
8.00 meters have been calculated, whereas a simple linear inter¬
polation method is sufficient for any intermediate length.
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6.7. Initial imperfection introduced in CEFICOSS
An initial column imperfection has to be defined for CEFICOSS
analysis, and has an influence for low bending moments.
As there is of course no reference in Standards to define this
initial imperfection in fire, a calibration of the programme has
been done at ambient temperature by comparison of its results
with those furnished by a theoretical method allowing to esta¬
blish N-M interaction diagrams.
The German DIN 18806 [24] has been used to draw N-M inter¬
action curves at ambient temperature for different sections.
Results have been then compared with the N-M curves provided by
CEFICOSS. Of course calculations have been done in both cases
with a same concrete cylindrical compressive strength (see
[12]) .
The correspondance between CEFICOSS interaction curve and DIN
curve has been found acceptable, and the best correspondance is
obtained when CEFICOSS runs with an imperfection constant on the
height of the column as shewn in figure 7.1 and equal to:
©o = constant = 1/500 for bending about minor axis
and eo = constant = 1/1000 for bending about major axis
These constant initial imperfections have been systematically
introduced in the simulations performed with CEFICOSS in addi¬
tion on the first order indicated eccentricities.
6.8. Failure criterion
The fire resistance time of a structure can be based on diffe¬
rent criteria, usually depending on the type of structure. For a
column, failure corresponds practically to BUCKLING. In the pro¬
gramme CEFICOSS, the mathematical simulation of this physical
behaviour is given by the Determinant of the Structure Stiffness
Matrix, which being positive becomes negative (DSSM = 0) ; from a
practical point of view, it is sufficient to analyse the Minimum
Proper Value (MPV) of the matrix, which also goes to zero.
The behaviour of the column can also be observed through hori¬
zontal displacement and displacement speed of the mid-height
node, which rapidly increase when buckling occurs.
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For columns many examples proved that a deflection criterion (D
= L/10 for instance), has only a significant influence for very
high bending moments, what means for very low axial loads N. In
a practical point of view that zone of the interaction diagram
is not really interesting as corresponding to a situation which
never occurs in a building.
Therefore it was decided, with the agreement of the xneafcers of
the ADVISOR* ΟΟΜΠΤΕΕ, to consider the equilibrium failure as
single criterion for columns.
7. DESIGN OF COLUMNS
Until it is not otherless specified, notations used for columns
correspond to figure 7.1.
7.1. Calculation process
For any column cross section the calculation of temperatures in
different patches of the discretized section is subordinated
neither to steel or concrete mechanical qualities, nor to the
column length or to the loading. Therefore the thermal analysis
can be done first and the resulting time dependent temperatures
can be used as data for every static calculation of any column
having a same cross section.
The statical calculation process is described in figure 7.2;
the first step is to find by iterations the ultimate axial load
at ambient temperature (point A on vertical axis corresponding
to a time t=0' ) . Then CEFICOSS is run by reducing progressively
the load for a series of eccentricities. For instance a load
corresponding to the point Β applied with an eccentricity of 1
cm gives a fire resistance time tB 15, and defines the
point C in figure 7.2.
All the curves established with various eccentricities permit to
read by interpolation the axial loads Ν for any required fire
resistance time (90 minutes for instance as shown on figure
7.2), and to create a file including pairs of values N-e for the
four usual fire resistance classes.
In reality whole curves are not necessary; it is sufficient to
find points near the classified fire resistance times to allow a
quite accurate interpolation. An average of not less than 3
simulations are needed, however, for each requested point.
16
7.2. Pure bending moment
The pure bending moment corresponds to a limit situation when
there is no more axial load (N=0) but just a constant bending
moment acting on the whole column. Such a situation is obviously
fictitious and never occurs in practice, and it has been decided
to avoid to calculate it systematically.
However, the pure bending mcment for any fire resistance classes
has to be independent on column buckling lengths. This postulate
has been used to check with some calculations the validity of
the results given by CEFICOSS.
7.3. Presentation of results
There are many possible presentations of the results in a form
N-M, where M = N.e (first order bending mcment), or simply with
both independent variables N-e. This second form has been selec¬
ted as being easier to be covered by sinple mathematical func¬
tions, what facilitates any sinplif ication or interpolation.
7.4. Rui Idi ng of lead-eccentricity interaction curves
Following calculations had finally to be performed for any com¬
posite column section:
- 4 basis material combinations: steels Fe360 and Fe510 com¬
bined with concretes C20 and C50.
4 buckling lengths: 2.00, 4.00, 6.00 and 8.00 meters.
4 fire resistance classes: F30, F60, F90 and F120.
2 buckling planes.
an average of about 5 eccentricities in order to build
interaction curves with quite good interpolation condi¬
tions .
The total amount of points needed for any section reaches then
640, and considering that an average of three iterations are
needed for each point, the computer time had been enormous.
The detail above shows clearly the necessity to find some sinp¬
lif ications. Of course the value of Nc (for e = 0) corresponding
to the column centrically loaded is very important, and a first
step was to compare mathematically the drop of the bearing capa¬
city when eccentricity increases, in fire and at ambient tempe¬
rature.
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Figure 7 . 3 shows the curves N/Nc of three columns calculated by
CEFICOSS at ambient temperature (FO) and for the four fire
resistance classes F30, F60, F90 and F120. That figure 7.3
demonstrates clearly that the curves F30 to F120 don't respect
systematically a hierarchy, and moreover they are located in
either side of curve FO, without any visible relation to the
slenderness .
This observation indicates that it will not be possible to limit
calculations to the pure axial load Nc (for e = 0), and to cover
interaction by a simplified method based on the mathematical
form of interaction at ambient temperature. It will be necessary
to calculate at least a second point of the curve, as shown in
figure 7.4.
Even if interaction in normal service conditions may not be used
as it is, it can be observed in figure 7.3 that the general form
of curves in fire remains similar to that at ambient tempera¬
ture. That means that a quite similar mathematical formula could
be used for any fire resistance class as for normal cold service
conditions .
The mathematical forms usually accepted to define interaction
are summarized in figure 7.5. They lead to the very simple for¬
mula (5) :
Nc 1 + K
(5)
in which there is only one parameter K that could be easy deter-
mined from the second calculated point of figure 7.4:
K = <-E=- - 1) .-L-
Nr er
This approach has been tested on various columns for which
curves N-e have been built up by calculating for every fire
resistance classes the axial loads N corresponding to several
eccentricities: 0, 1, 5, 15, 30, 60 and 180 cm. Two examples are
given in part III, Appendix Β pages B.l to B.6, showing
application of that formula for a short and for a quite slender
AF composite column. Differences up to 20% can be expected by
using a reference eccentricity reaching about the height of the
steel profile, and moreover, unfortunately, these differences
may be as well positive as negative. Therefore it is necessary
to calculate one additional point of the curve, or to apply cor¬
rections on (5), what is more convenient regarding the compu¬
tation time.
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Finally, after many investigations based on a lot of calculated
columns in the domain concerned with this research programme,
the best approximation has been obtained by modifying (5) to






L f\ h / (e + eo).
i/g
where [ N^	 j = approached ratio for the fire class F
'Ne F
N, Ne, e, e0, H (or Β) are defined in figure 7.1.
U/A is a "massivity factor", simply calculated as follows on the
whole composite section, as shown for instance in figure 7.6 for
AF-type:
U/^ = total external perimeter	 [nr1]
full cross section area (steel+concrete)
The height of the cross section Η in [m] has to be replaced in
(6) by the width Β for bending about minor axis.
The correction factor g depends on the buckling length L and on
the buckling direction; it is calculated as follows if L is
introduced in meters:
- bending about major axis : g = 0.063 (L-2. 00) +1.01
- bending about minor axis : g = 0.67+0.433 In L
The calculation process is the following one for any fire resis¬
tance class and any column:
the pure axial load Nc is determined exactly with CEFICOSS
together with one other point of the curve, corresponding
to an eccentricity conventionally selected:
er = 60 cm for bending about major axis
or er = 15 cm for bending about minor axis
- this second point allows to calculate Kp by introduction
of Nc,N=Nr and e=er in (6) , and finally the whole




However the approached values of N are a little overestimated
for eccentricities higher than reference er, and results have
to be adjusted by multiplying them with a reduction factor. As
indicated in figure 7.7, a correction (1 - n/100) is applied on
the highest proposed eccentricity em, and that correction is
linearly adapted between er and em. Of course those values
of n proposed in table of figure 7.7 have been calibrated on
several curves completely carried out with CEFICOSS.
The highest proposed eccentricity em has been fixed to 180 cm
for bending about major axis, and will be equal to the section
width Β according to § 6.5 for bending about minor axis.
Validity of this simplified method has been checked on a lot of
columns, for which whole interaction curves have been estab¬
lished with CEFICOSS by computation of many points, and then
compared with the approached ones. Appendix Β of Part III inc¬
ludes on pages B.7 up to B.12 some examples of these controls,
showing that the approached method is generally a little in the
safe side. Approached load ratios N/Nc higher than calculated
exactly by CEFICOSS have been rarely found and, anyway, in this
case, the observed differences were very small.
The method proposed above has been used systematically to build
up the tables enclosed hereafter. It has to be clearly pointed
out, however, that the interaction formula (6) was just used to
save computer time. It has been established by a mathematical
observation on calculated examples, but it has statically no
theoretical background, and it is not proposed here as a general
interaction formula in fire.
7.5. Tables of results
A presentation of results in form of tables rather than diagrams
has been finally adopted in a practical purpose. As a matter of
fact many interpolations will be necessary, and tables
can easily be stored on floppy disks for an application on
personal computer, allowing to perform quickly the various
interpolations .
In chapter A Part II tables are given for several composite
column sections of the four different types considered in this
research. All the informations regarding one cross section in
one bending axis are concentrated in two pages. The given
eccentricities have been selected in order to allow linear
interpolation between two points with a sufficient accuracy (see
also figure 7.8)
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7.6. Interpolation on buckling lengths
The simple linear interpolation method is proposed here to eva¬
luate the ultimate load for any fire resistance class, when the
buckling length is not directly given in tables.
The validity of this simple method has been checked with many
examples, but can also be accepted on grounds of the form of
curves showing evolution of the ultimate load as a function of
the buckling length, for any fire resistance class. That can be
illustrated by figure 7.8 where four curves F120 corresponding
to four buckling lengths of an AF-section have been plotted on
the first diagram in a form N-e, whereas the second diagram
shows the decrease of the ultimate load N as a function of the
buckling length for two eccentricities e=0 and e=60 cm. The
curves of the second graph are nearly linear, and an interpo¬
lation will be made here with a high accuracy.
Situation is, however, not always so favourable. Next figures
7.9 and 7.10 show similar diagrams in a form N-L for other
columns. Figure 7.9 concerns bending about major axis, with and
without eccentricity, while figure 7.10 has been established for
bending about minor axis. Manytimes, especially for buckling in
the weak direction, curves show such a concavity which leads to
a slight unsafety of the linear interpolation. However, as the
form of curves N-L will be given by four points in tables, it
will be open for any user to estimate himself a correction. In
reality such a correction is not necessary, because the
transformation of any actual bending moment distribution into an
equivalent uniform distribution, as it will be explained later,
will generally be quite conservative.
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7. 7. JSansfbrmation method for non uniform bending menant distri¬
bution
As noted in § 6.4 calculations have been performed with an uni¬
form bending moment (ψ = 1.00 according to figure 6.4.) and a
method defining how to use these results for another distri¬
bution is proposed here.
Possibility to use methods proposed usually at ambient tempera¬
ture have been investigated first but these methods are not very
safe. For instance, the method proposed in Eurocode 2 [25]
for reinforced concrete columns at ambient temperature has been
applied in figure 7.11 on the calculated column already presen¬
ted in figure 6.6. The eccentricity of A (60 cm) is transformed
in an equivalent eccentricity of point Β (24 cm) which allows,
by reading in tables for uniform distribution, a load Nc
higher than N&, and consequently unsafe. Observe that that
method of Eurocode 2 leads early to unsafety, from e = 8.5 cm in
this example. That indicates that a simply linear relation is
not satisfying to find a transformation method valid for any
eccentricity.
Another method is proposed in Eurocode 3 [26] for pure steel
columns at ambient temperature: an interaction formula similar
to that of figure 7.5 is used, and a coefficient β is applied on
the bending moment, β depends only on the form of the moment
distribution. The example of figure 7.11 shows that this method
leads also to unsafety, from an eccentricity of about 16 cm.
That confirms one more time that a corrective factor as β
depends not only on the form of the moment diagram, but also on
the loading level.
Analysis of a few columns subjected to different bending moment
distributions brought us to establish a new transformation
method explained hereafter. The way used to come to this method
is explained with some details in Part III, Appendix C.
22
The new proposed method assumes similarly as done in Eurocode 3
[26] that a correction factor β is applied on bending
moments in the interaction formula, what leads to modify (5) in
(7):
(7)
This correction factor β depends on the form of the bending
moment diagram through ψ, but depends also on the slenderness
ratio of the column λ and on the relative eccentricity e/H or
e/B. The bi-triangular moment distribution being the most favou¬
rable one, a lowest value of β will be found in this case and is

















(Β in place of Η for weak axis)
In this formula the name EXP = 2.7183 is used to avoid confusion
with character "e" used for "eccentricity". The slenderness
ratio λ has to be calculated at ambient temperature as defined
in Eurocode 4 [22] and reproduced in Appendix C Part III in
page CI.
The uniform moment distribution, the most unfavourable distri¬
bution type, is covered by tables, which correspond to β = 1.00
for ψ = + 1.00. The situation is described in figure 7.12 sho¬
wing that any other form of distribution can be interpolated
according to his own value of ψ between the curve ßbitr and
the horizontal line β = 1.00.
Figure 7.12 shows also that the influence of the distribution
decreases progressively when eccentricity increases, and in a
practical purpose the transformation method can be limited to a
relative eccentricity e/H = 4.00 for bending about major axis;
as concerns bending about minor axis investigations are anyway
limited to e/B = 1.00.
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Finally the transformation will be performed as follows:
if /Miiax/ and /Mmin/ are the highest and the lowest
absolute values of the first order end moments, calculate
using the signs + or -:
ψ = 3jk|- ( - 1.00 < ψ <ι 1.00)
- calculate the slenderness ratio λ at ambient temperature
according to Eurocode 4 [22] (see page C.l of Appendix
C, Part III)
- calculate ßbitr corresponding to the bi-triangular
distribution (ψ = - 1.00) according to formula (8) for the
highest eccentricity defined by e^^ = /M^^^/N
β will be given by linear interpolation between ßbitr
and 1.00 based on ψ as indicated in figure 7.12
The equivalent constant eccentricity will be given by
ee = Ρ · emax
and will be used to read in tables of Part II the maximum
allowed load Ν which has to be compared with actual load applied
on the column.
It is interesting to point out that the method proposed above
could be used also in normal service conditions for the adimen-
sional form of an interaction curve is quite similar in fire and
at ambient temperature.
The β - ψ method proposed above is generally quite conservative,
and does'nt allow to recuperate fully the advantage offered by a
non uniform bending moment distribution; this is shown in Appen¬
dix C of Part III as well as by application examples given fur¬
ther. However it is easy to use and remains in the safe side.
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7.8. Example for use of tables
The axial loads given in tables will practically never be used
directly. As a matter of fact following approximations and
interpolations have to be done to check a column:
a) the first step will be to calculate an equivalent eccen¬
tricity as indicated in chapter 7.7 which for sure will
never be directly readable in tables, and will need inter¬
polation.
b) the column length leads to an interpolation between the
given values 2,4,6 or 8 meters.
c) an interpolation will generally be needed for any quality
of concrete between C20 and C50.
d) moreover, for steel Fe430, an interpolation will be
necessary between Fe360 and Fe510.
As already noticed the various interpolations are quite
accurate, whereas the transformation of a non uniform bending
moment distribution remains in the safe side.
Figure 7.13 gives a practical example of column submitted to
bending about major axis. This example has been chosen to obtain
as near as possible the fire resistance class F90 by doing a
simulation with CEFICOSS according to the actual situation of
the column. In fact the simulation gives a failure after 91.5
minutes of ISO-fire, and the load of 1200 kN corresponds nearly
to the fire resistance class F90. Transformation in equivalent
constant eccentricity and different interpolations leads to find
in tables of PART III an ultimate allowable load of 937.8 kN.
That result seems to be much conservative, but a direct
interpolation without transformation on moment distribution
would give only 848.81 kN for a constant first order
eccentricity of 25 cm.
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A second example of column is presented in figure 7.14, for a
fire resistance class F60 and buckling about minor axis. The
calculation with CEFICOSS gives a fire resistance time of about
60 minutes for the vertical load N = 880 kN applied with end
moments as noted. By reading in tables, N = 679 kN is obtained
after interpolations with transformation in an equivalent uni¬
form eccentricity, whereas only N = 507 kN is found when
assuming a constant eccentricity e = 15.00 cm.
It is interesting to point out that both methods of Eurocode 2
[25] (presented in figure 7.11) and of Eurocode 3 [26]
lead in these examples to the same result, after
interpolations :
Example 1: ee = 10 cm N90 = 1510 kN > 1200 kN
Example 2: ee = 6 cm N60 = 794 kN < 880 kN
Both methods are already unsafe in the first example for the
quite small given eccentricities.
7. 9. Advices
First of all USERS HAVE TO MAKE A CORRECT DESIGN OF THE COLUMÍ
FOR NORMAL CCtU) SERVICE CONDITIONS in conformity with Eurocode
4 [22] or with a National Code. LOADS given hereafter in
tables may be SOMETIMES HIGHER THAN THE ALLOWABLE SERVICE LOAD
at ambient temperature, and MAY NOT BE USED TO MAKE DIRECTLY A
FINAL DESIGN of the column. This fact occurs many times for low
fire resistance classes and means only that a column correctly
designed for normal service reaches automatically this fire
resistance without any load reduction.
Composite columns have particularly to comply with usual cons¬
truction details regarding re-bars, stirrups and shear stud con¬
nectors for normal service at ambient temperature. Number and
spacing of stirrups shall correspond to requirements of Stan¬
dards for reinforced concrete (Eurocode 2 [25]) or for
composite construction elements (Eurocode 4 [22]) . Special
care is due for column ends where the loads have to be
introduced and distributed on both materials concrete and
steel.
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Moreover fire resistance requests a minimum connection of conc¬
rete to the steel shape, even if not necessary in cold service,
to avoid a separation of materials in fire. This is especially
the case for AF-sections where it is recommended to have at
least one connector (stud, welded stirrup or stirrup passing
through the web) every 500 mm, located alternately on two rows
if the opening between flanges is larger than 400 mm.
Designers can find more informations in Part 10 "Structural Fire
Design" of the Eurocodes which are now in preparation ([27 J
for instance), or in a Technical Note of E.C.C. S . [20 J.
Shear effect is not directly taken into account by CEFICOSS, but
it is generally not critical till a steel web remains quite cool
inside of concrete. However, that is not the case when AF-sec¬
tions are bent about minor axis; special attention is due in
that situation to undertake shear forces which have to be sup¬
ported only by reinforced concrete in fire, steel flanges being
overheated.
Another remark concerns calculation of columns as elements of a
quite complex complete structure submitted to a local fire. All
the simulations in this situation show that bending moments and
sometimes vertical loads don't remain constant during the fire
development. Therefore results presented in this report have to
be used with enough prudence in some complicated situations not
directly covered by this research.
Finally users have to remember that calculations have been per¬
formed in one loading and buckling plane, and consequently both
strong and weak buckling directions have to be checked.
Note:
For quite low loading levels (uneconomical and never used in
practical situations) the influence of thermal stresses is pre¬
dominant compared to quite low stresses produced by the external
load.
Therefore apparent anomalies appear sometimes in results, mainly
for slender columns bent about minor axis and for the highest
fire resistance classes. For instance ultimate load F120 for an
AF-HEA 300 may be a little higher than the load found in the
same conditions for an AF-HEA 320, due to the predominant influ¬
ence of thermal stresses.
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S. PARAMETERS FOR BEAMS
Until not other specified in text, notations are used according
to figure 8.1.
8.2. Typas of sections
The section types defined in figure 8.2 have been considered in
this research programme:
E: Traditional composite beam, where moreover chambers of
steel shape have been filled with reinforced concrete. The
full interaction between steel flange and concrete slab is
assumed.
F: This section is geometrically identical to section E
above, but there is no mechanical interaction between
steel flange and concrete slab. The presence of a concrete
slab is, however, very important insuring in cross' section
the same temperature distribution as for section E above.
G: Fully encased shapes used up to a slab thickness of about
35 cm. In this case steel is well protected and therefore
the behaviour in fire is good. Architects have an interest
for this section in office buildings because the freedom
given in ceiling for technical equipments.
8.2. Selection of steel shapes
Shapes HEA (and HEAA) are well adapted for AF sections because
the 300 mm width allowing enough space for reinforced concrete.
IPE series is most commonly used for decks, but an application
as AF-section needs a minimum width of about 200 mm for practi¬
cal purpose regarding the reinforcement as well as for a
sufficient concrete covering limiting the temperature increase
in reinforcing bars.
Priority has been given to the wide flange HD-shapes for fully
encased section type. Of course depth of section has to be rest¬
ricted here to about 300 mm in order to keep at least 5 cm conc¬
rete over steel flange.
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8.3. Reinforcement: area and layout
Neither reinforcement of concrete slab or top reinforcement in
chambers of I-beam have been taken into account during the
calculations in fire.
The bottom reinforcement inside of the steel section plays of
course an important role on the ultimate bending moment. A
higher reinforcement area leads to a higher fire resistance
time, and consequently to a higher ultimate moment for a given
fire resistance class. Figure 8.3 is a typical example showing
the variation of fire resistance time related to reinforcement
area in the steel shape, when the beam is subjected to the
maximum allowable service load at ambient temperature usually
calculated without consideration for reinforced concrete located
inside of steel shape. Several calculated examples furnish a
curve having a look identical to that of figure 8.3, and it has
been decided to compute ultimate bending moments in fire for
sections having a re-bar cross area equal to about 20% of the
steel flange area. This choice allows in many cases to reach the
fire resistance class F90 without any load reduction, and seems
to be the most reasonable one. A simple method will be proposed
to extent the results to other reinforcement areas. The
reinforcing bars will be located 60 mm inside of surface of
concrete in both directions.
8.4. Statical system and loading
This research deals with statically determinate simply supported
composite beams submitted to a uniformly distributed load q
which produces a bending moment M = q . Ι^/δ at mid span, as
noted in figure 8.1.
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8.5. Range of spans to be considered
Spans of composite beams usually vary between 15h and 30h, where
h is the height of the steel shape as defined in Figure 8.1.
This range has been investigated here.
8. 6. Thickness of the concrete slab (for AF - sections)
Usual slab thicknesses are found between 12 and at the most 24
cm. Tables have been carried out for 12, 16, 20 and sometimes
24 cm (for quite high steel shapes only) whereas interpolation
is possible for intermediate thicknesses.
8.7. Effective width of the concrète slab
The effective breadth of the concrete flange in fire conditions
may be at least equal to that used for the calculation at
anbient temperature, up to one third of the span (L/3) as
commonly accepted in many countries. Tests made for the calib¬
ration of CEFICOSS [l] demonstrated that this computer model
simulates very well the behaviour of beams with a concrete deck
width corresponding to about L/3 when the whole breadth of the
slab is assumed to collaborate.
Of course the concrete slab has to be sufficiently reinforced in
transverse direction to resist to longitudinal shear and
transverse forces; this condition is generally fulfilled if a
correct design in normal service conditions has been made, for
reinforcing bars remain quite cold in fire conditions.
For spans varying from 15h up to 30h as noted in § 8.5, usual
effective widths of the concrete slab are going from five times
up to ten times the height of the steel shape. Practically, for
any AF-section, all possible usual slab widths can be covered by
furnishing ultimate bending moments corresponding to Oh, 5h,
7.5h and lOh, and an interpolation method for intermediate
breadths.
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Considerations for realistic sizes, however, have to be taken
into account, as for instance it is not necessary to combine a
thin concrete slab with a very large effective width, and, more¬
over spans are generally limited to 7 or 8 meters for concrete
slabs.
8.8. Failure criteria
Many criteria are known to define performance requirements of
beams submitted to fire. The main criterion is obviously the
EQUILIBRIUM FAILURE due, in case of simply supported beams, to
formation of a PLASTIC HINGE. In CEFICOSS the mathematical
simulation of this behaviour is given by DSSM = 0 (or MPV = 0)
as already explained in § 6.8 for buckling of columns.
For testing, deflection limits are normally specified to protect
the testing devices, as for instance D=L/30 or D = L/20. More¬
over there is criteria limiting the deflection speed to an
arbitrary value depending on the span of the tested beam and on
the statical height of the structural section, for instance the
Ryan and Robertson criterion [29].
As the complete behaviour of a structure is known in a CEFICOSS
simulation from the beginning up to the end (DSSM=0 or MPV=0=) ,
the fire exposure time after which a deflection or a deflection
speed criterion is reached can easily be noted.
Fire resistance times calculated according to various criteria
have been analysed and compared for many ocqposite beams. It
has been finally decided to remain with the MATHEMATICAL
EQüIIiIBRITJM FAILURE, equivalent to the formation of a PLASTIC
HINGE at mid-span of the beam. This criterion leads to compute
an ultimate bending mcment corresponding to each fire resistance
class.
As noted in [27], however, deformation limits need sometimes
to be considered, where deformations give way to premature col¬
lapse due to an important modification in the thermal or stati¬
cal system. For that reason, it should be interesting to furnish
to designers a possibility to evaluate the deflections by means
of a simplified method.
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Following conclusions for beams have been drawn from the simu¬
lations performed with CEFICOSS:
the conventional deflection criterion D = L/30 pro¬
posed in [21] for protected steel beams and used in
some countries SBDULD NOT BE CONSIDERED for composite
beams, for it leads to small resistance times compared to
the real behaviour.
a more realistic deflection criterion could be D = L/10,
leading to resistance times which are not so far away from
the equilibrium failure by plastic hinge for a still quite
reasonable deflection.
the KÏAN-ROEBRXSCN CRITERION SBOOID AL90 BE ABANDONED
for composite beams, for it gives too arbitrary failure
times.
Finally a simplified method allowing to evaluate the deflection
after 30, 60, 90 or 120 minutes is proposed in this report, in
addition to the tables giving ultimate bending moments. When
required by local conditions, designers have the means to
estimate quite correctly the deflection of a beam at the
requested fire resistance time.
9. DESIGN OF BEAMS
9.1. Calculation of an ultimate bending moment
Calculation process runs by iterations similarly as presented in
§ 7.1 for columns. For one defined cross section and for one
basis material combination, the fire resistance time has to be
calculated by varying the load q for any span L till it is pos¬
sible to interpolate with enough accuracy and to find the load
corresponding to any fire resistance class, as shown in
figure 9.1.
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It should be expected, however, to find for each fire resistance
class a quite constant ultimate bending moment:
T2
M = 9-ìy =constant
F 8
As a matter of fact one can observe that ultimate bending
moments calculated in that way increase a little when the fire
resistance time increases as shown by figure 9.2. But observed
differences are strongly reduced and practically dissapear if
the thermal variations of length are taken into consideration in
the formula above. Therefore it is sufficient to conpute ulti¬
mate bending moments for only one (short) span.
Moreover it has been observed that simulations with CEFICOSS
lead practically to a same ultimate bending moment if, from one
hand, calculations are done as above (a beam submitted to an
uniform load q) and, from the other hand, the beam is loaded
with a bending moment applied at both ends, as shown in figure
9.3. Observed deviations between both methods are not higher
than 1%, and moments calculated with the second method of loa¬
ding are most conservative.
9.2. General calculation process
A big advantage can be taken of the loading with a bending
moment, for the span has no irrportance in this case, what elimi¬
nates one parameter. Therefore it is possible to calculate beams
made of only one finite element, by using the advantage of syme-
try, as shown in figure 9.3. That reduces strongly calculation
times.
The calculation of such a small beam loaded with a constant ben¬
ding moment is repeated for different moments, what allows to
build the diagram (M-t) of figure 9.4. The moments corresponding
to requested fire resistance times .can be read by interpolation
on that curve.
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From a practical point of view tables and diagrams can be limi¬
ted to a realistic field of moments. The maximum service load on
a beam may never produce a bending moment exceeding Mplastic /
1.5. As the value Mq calculated with CEFICOSS is systema¬
tically higher than Mplastic calculated according to Eurocode 4
[22] (see § 5.2.; for instance there is no reduction factor
on material strengths Π CEFICOSS ), more than the range of use
of a beam will be covered by starting calculations of figure 9.4
at a level Mj. such as 14 = Mq/1.5. In the example presented in
this figure, M30 will not be found, but it is sufficient to know
that a normal cold design allows to reach automatically this
fire resistance class.
9.3. Jabíes of ultimate bending moments
Tables giving ultimate bending moments for the different fire
resistance classes are enclosed in § Β of Part II. As for
columns, many interpolations will be necessary and the presen¬
tation in form of tables is most convenient.
It has to be pointed out that some compartments in tables may
remain blank; that means that the corresponding fire resistance
class (usually F30 or F60) is automatically obtained by a cor¬
rect design in normal service conditions, as noticed before.
9.4. Shear failure table
Shear effects are not directly considered in the program CEFI¬
COSS, but could be important for short beams heavily loaded.
It is very difficult to provide a calculation method taking into
account the presence of reinforced concrete between steel flan¬
ges. The method proposed here is defined in figure 9.5: as for a
design at ambient temperature vertical shear shall be assumed to
be resisted by the steel section alone. Instead of a constant
Cy on the whole steel web as in normal conditions, the yield
strength of steel in fire has to be reduced in a mesh of the web
according to the mean computed temperature of that mesh.
It has, however, to be pointed out that an excessive shear is
not decisive in reality to select another section, because a
local reinforcement is possible, for instance by welding steel
plates on the web.
A shear failure table for the calculated sections is given at




It is possible to save the rotations of the nodes calculated
during the numerous simulations described previously in § 9.2.
and to use them to calculate the deflection of a sinply suppor¬
ted beam having the same cross section and same material quali¬
ties.
In the process used to compute ultimate bending moments, the
curvature of a finite element is constant on the length of the
beam, for the bending moment is constant, and is defined in
figure 9.6.
During any simulation of figure 9.4 performed to find the ulti¬
mate bending moment, as M2 for instance, rotations after 30 and
60 minutes can be read in the output file of CEFICOSS and saved.
Another calculation as M3 will furnish rotations for 30, 60 and
90 minutes, and finally moment-curvature diagrams for 30, 60, 90
and 120 minutes can be built up as shown in figure 9.7 between
Mi and M^o. A few additionnai simulations (held up at 120') for
external moments smaller than M^q will allow to complete the
moment-curvature diagram from 0 up to M^
For half a beam as presented in figure 9.8 , divided in n ele¬
ments of length li submitted to a mean bending moment Mi,
deflection at mid-span after a time of 30, 60, 90 or 120 minutes
of ISO-fire is given by formula (9) :
























where κ is negative (see figure 9.6 ) and has to be read on the
corresponding curve of figure 9.7 in front of the moment Mi.
If all the elements have been chosen of a same length, then lx =
I2 = li = 	 = ln = 1 and formula (9) is reduced to:
Γκ, +2IC2 + 	 +nK-nj
Applications have shown that this method is as more accurate as
many points have been calculated to built up the nranent-cur-
vature diagram, and as fine is the division of the beam. Of
course, discrepancy with the normally calculated deflection will
be found when the maximum bending moment at mid-span is not far
away to produce an equilibrium failure. This case is, however,
not usual and anyway results given by connecting two points with
a straight line are in the safe side in comparison with the
actual curve.
Many examples of such moment-curvature diagrams are given in
Appendix C of Part II. To any ultimate bending moment given in
Appendix Β of Part II corresponds of course a whole curve of the
moment-curvature diagram. It can be observed that the relation
could be idealized as shown in figure 9.9, what would allow an
easy storage on floppy disk as data for use in a personal com¬
puter.
9.6. Interpolation on the effective width
The tables given in Appendix Β of Part II show that, similarly
as it is in normal service conditions, ultimate bending moments
increase slowly with the slab breadth, of 5% up to 20% when the
effective width of the slab is multiplied by 2.
That observation makes sufficient a linear interpolation in the





9.7. Interpolation on the slab thickness
Figure 9.10 represents the relation between ultimate bending
moments and the slab thickness for several AF composite sec¬
tions. Here too a linear interpolation is obviously sufficient.
9.8. Variation of reinforcing bars area
A possible extension of results to other reinforcement rates is
given with the example of figure 9.11. An AF-beam made with a
steel shape HEA 500 and a concrete slab of 367,5 cm χ 12 cm has
been calculated with CEFICOSS for three different reinforcing
bar areas, to determine the ultimate bending moment for each
fire resistance class F60, F90 and F120. On the same diagram
have been also plotted (upper curve (l) ) plastic moments at
ambient temperature, calculated with reduction factors of Euro-
code 4 [22] and under consideration for the reinforcement.
The lower curve (2) represents the plastic moments at ambient
temperature calculated as (T) but without any consideration for
the bottom flange of the steel shape in the calculations.
The five relations are not far away to be linear, and quite
parallel in the explored reinforcement area. For any fire
resistance classes, the ultimate bending moment for a
reinforcement area of 6.27 or 22.69 cmz may be obtained with a
quite good accuracy by multiplying the values given in tables
for 12.54 cm2 by a factor which is the ratio of plastic moments
in normal service conditions, calculated as explained above.
Moreover, if the bottom flange of the steel profile is not
considered in the computation of plastic moments, the margin
error is reduced to + or - 4%, whereas this error margin can
reach + or - 10% when the whole steel shape is taken into
account .
9.9. Example for the use of tables
A practical example showing how to use the tables is given in
figure 9.12. As for columns some interpolations have to be
done, on the following parameters:
the quality of steel
the quality of concrete
the effective width of the concrete slab
the thickness of the slab
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The ultimate bending moment has to be compared with the actual
maximum moment acting at mid-span of the beam.
It can be observed that the different interpolations lead for
beam to a good accuracy.
9.10. Advices
First of all, exactly as for columns, USERS HAVE TO MAKE λ
CORRECT DESIGN OF THE BEftM FOR NORML SERVICE CONDITIONS in
conformity with Eurocode 4 [22] or with a National Code.
Moments given hereafter in tables may be sometimes higher than
the allowable moment in service conditions for reasons already
explained before.
Composite beams have to comply with usual construction details
regarding the reinforcement of the slab and the connection bet¬
ween the concrete slab and the steel flange. Designers should be
alert for that connection, for the program CEFICOSS calculates
with assumption that there is NO SLIP between both materials.
Tests show that a design of the shear connection and of the
transverse reinforcement in the slab, correctly made for normal
cold service, should be sufficient to reach the given ultimate
bending moments in fire.
As for composite AF-columns, the same minimum connection is
required for the reinforced concrete located inside of the steel
shape. Designers can find informations in [23], [27] or
[28].
Designers should also remember that this research has been per¬
formed on simply supported beams, and should use the results
with care in case of continuous beams, or if horizontal
displacements of supports are restrained by the structure.
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IO. CONCLUSIONS
For the first time practical design tools for composite steel
concrete construction elements submitted to fire have been
carried out in a very large scale, covering the N-M interaction
for many section types.
In a next step, to iiiprove the convenience of tables, it should
perhaps be envisaged to put them on a floppy disk with a simple
program allowing on a personal catputer quick interpolations as
well as performance of the transformation in equivalent eccen¬
tricity for columns and various extensions of results for beams.
Moreover the results of this research can be used as a basis to
establish simplified method as well for columns loaded with
eccentricity as for beams. We can for instance observe in figure
10.1 for a fire resistance class F120 that AF-sections bent
about major axis seem to be quite well arranged in curves depen¬
ding on the slenderness ratio on a fully adimensional diagram
N/Nc - e/H.
This arrangement is no more observed when bending (and buckling)
occurs about minor axis for the same class F120, but that is
probably due to the great influence of thermal stresses in front
of a low loading level.
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Fig. 2.4 : General (r-Cç.diagram for steel.
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Fig. 2.5= Reduction of the yield point of steel tfy in function
of temperature Θ.
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Fig. 2.9= (Γ- ¿"c- -diagram for Fe 510 at different temperatures
with elongations £σ shown up to 20 % .
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20°C 2,5 ,10-3 55,55 20,5 10-3
100°C 2,86 .10-3 50,92 0,873 22,5 10-3
200°C 0,963 3,41 10-3 44,61 0,705 25,0 10-3
300°C 0,864 4/07.10-3 36,88 0,531 27,5 10-3
400°C 0,720 4,84 10-3 28,63 0,372 30,0 10-3
500"C 0,550 5,71 10-3 20,53 0,241 32,5 10-3
600°C 0,389 6,69 10-3 13,74 0,145 35,0 10-3
700°C 0,259 7,78 10-3 8,73 0,083 37,5 10-3
800°C 0,159 8,98 10-3 5,14 0,044 40,0 10-3
900"C 0,086 10 10-3 2,64 0,021 42,5 10-3
1000*0 0,036 10 10-3 1,04 0,009 45,0 10-3
HOO'C 0,009 10 10-3 0,23 0,002 47,5 10-3
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CALCULATED FIRE RESISTANCE TIMES IN MINUTES
COMB.1 COMB.2 COMB.3 COMB.4 COMB.5
¤*STEEL 0.50 0.55 0.60 0.70 0.50
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AF SECTION HEA 400 + 8 ø 20
a) for bending about
minor axis







L = 8,0 m
AF 8 PROFILE (Fe 360)
REINFORCEMENT (S 500)
CONCRETE (C 35)
FIRE CLASS F 60 L=8m
IPE 500 +2*jlPE 500 + 8 025
steel : 181.4 kg/m
re -bars : 30.7




IPE 500 + 2 HE 240 A
steel : 211.3 kg /m
IPE 500 +2*4 IPE 500






FORM OF BENDING MOMENT DISTRIBUTON





















-UNIFORM BENDING MOMENT DISTRIBUTION (^=1)
-TRIANGULAR BENDING MOMENT DISTRIBUTION (9=0)
BITRIANGULAR BENDING MOMENT DISTRIBUTION (ψ= -1)
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Figure 6.6
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NOTATIONS USED FOR COLUMNS
e ,Ν
e : eccentricity
Ν : vertical load,applied with the eccentricity e
e0 : initial imperfection of the column
L : buckling length









= N e = first order bending moment
plastic moment in normal service conditions
plastic load in normal service conditions
slenderness ratio (in normal service conditions)
reduction factor for buckling in the cold design
allowable pure axial load (e=0) for a given fire resistance class
height of the cross section




N - 1 FAILURE DIAGRAM







β = 60 cm




INITIAL IMPERFECTION e = L/1000















































































DIAGRAMS N/Nc - ECCENTRICITY
F 510 ; C 50 ; STRONG AXIS
AF -PROFILE HE 550 A + 12*20
L = 8,0 m
1 5 15 30 60
ECCENTRICITY [cm] 180
AF -PROFILE HE 240 AA +4020
L=6,0m
ECCENTRICITY [cm] 180







N [kN] FIRE CLASS F * * *
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Figure 7.4
GENERAL FORM OF INTERACTION FORMULAS FOR COLD SERVICE
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AF-COLUMN HE500A - BENDING ABOUT MAJOR AXIS
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Figure 7.8
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DIAGRAM AXIAL LOAD - BUCKLING LENGTH
BENDING ABOUT MAJOR AXIS
















« 4 AF-HEA 00 -F 90
3 A 8-IPE300-F30
2,00 4,00 6,00 8,00
Buckling length L [m]









HEC -HD 10X179-F 20
2
ö5 2 AFC- Η A500-F6
A 8-IPE300-F30
o
2.00 4.00 6.00 8.00
Buckling length L [m]
Figure 7.9
71










BENDING ABOUT MINOR AXIS

















AF - HEA 360 - F60
H -HD 31 X179-F120
H C -HD 210 71 - F90
A -HEA 300 60
I
2>°° 4,00 6,00 8,00
Buckling length L [m]
Eccentricity e = 15 cm








'S A -HEA 360 F60
O 0.8
HEC -HD 10x71 -F90
AF - HEA 300 -F60
200 4.00 6.00 8.00
Buckling length L [m]
Figure 7.10
72










Bi-triangular distribution : y = - 1
The eccentricity ee is the larger
of the following two values :
ee = 0.6 es + 0.4 e¡
ee & 0.4 es
e¡ = -es > ee = 0.4es
UNIFORM BENDING MOMEN DISTRIBUTION (ψ =1 )




e-| = ma imal eccentricity for a bi-triangular diagram
ee = equ valent constant (first order) eccentricity
>JB_ 	 ΙΑ
1 5 15 30

















































HE 400 A, steel grade Fe 430
8 D 20, steel grade S 500
C 37.35 ( 45 N/mm2 on cubes )
L = 3.05 m
N = 1200 kN
Mi = 300 kNm >ei = 25.00 cm
Me = 180 kNm > ez = - 15.00 cm
( strong axis )
2. CALCULATION OF THE EQUIVALENT ECCENTRICITY
X = 0.2405
ei/H = 25/39 = 0.641









β , = exp -(0.35 + 0.3-e1/H)A'H/e1

























































































e = 30 cm L= 4.00 m 50 N/mm2
e=21.32cm L=3.05m
e = 20 cm L = 2.00 m 20 N/mm2
355 N/mm2










HE 360 A, steel grade Fe 430
8 D 20, steel grade S 500
C 29.5 ( 35 N/mm2 on cubes )
L = 5.20 m
N = 880.0 kN
Mi = 132.0 kNm > ei = 15.00 cm
M2 = 87.5 kNm >β2 = - 9.94 cm
(weak axis)
2. CALCULATION OF THE EQUIVALENT ECCENTRICITY
SLENDERNESS RATIO
RATIO
DISTRIBUTION FACTOR : ψ = e¿le. = -9.94/15 = -0.6629
CORRECTION FACTOR : β. = βνη-(θ.35+ο.3·βΐ/Β)Α·Β/βΐ
A = 0.7278
ei/b = 15/30 = 0.50
INTERPOLATION
EQUIVALENT ECCENTRICITY e = 0.5701 · 15 = 8.55 cm
ßj = exp"























































































e=10cm L=6.00m 50 N/mm2
e = 8.55 cm L= 5.20 m
e = 7.50 cm L= 4.00 m
355 N/mm¿
29.05 NW 275 N/mm2










b = effective width of the slab
d = thickness of the slab
h = height of steel profile
Fa = area of re-bars
in the steel profile
D = deflection of the beam
at the middle span
Figure 8.1
77
TYPES OF SECTIONS FOR BEAMS
TRADITIONAL AF-BEAM
WITH FULL INTERACTION BETWEEN


































concrete ßc - 2.9 kN/cm2
DZ = 50.00 mm
DY = 105.75 mm
50.0·















q - 1 FAILURE DIAGRAM
PLASTIC HINGE FAILURE
COMPOSITE AF - SECTION
L=4m
q 30,4 m
g ; 'q 60,4 m
ai L=5m i i ' 9°.4m
cr ' ' ¡ ! ! !Q',ni.m ¡ ¡ ' 120,4 m









AF-BEAM HE 600 AA (Fe 510) + 4 D 25 (S500) CONCRETE (C25)
CONCRETE SLAB (14x200 cm)
Span F 30 F 60 F 90 F 120
L q30 M30 qeo Meo q90 M90 qi20 M120
[m] [kN/cm] [kNm] [kN/cm] [kNm] [kN/cm] [kNm] [kN/cm] [kNm]
4 12.95 2589.6 10.51 2102.0 8.63 1725.6 7.26 1451.0
5 8.29 2589.7 6.72 2101.6 5.53 1727.2 4.65 1452.2
6 5.88 2644.2 4.67 2102.4 3.84 1728.5 3.23 1454.9
8 3.32 2653.6 2.64 2113.6 2.17 1738.4 1.83 1467.2
10 2.13 2662.5 1.70 2128.7 1.40 1755.0 1.19 1483.8
12 1.48 2671.2 1.20 2151.0 0.99 1776.6 0.83 1503.0
14 1.10 2687.6 0.89 2170.7 0.73 1798.3 0.62 1528.8






























IN FIRE, FOR t » 30,60,90 or 120'
Oplast = -Sweb-e-dh· VJ.
V3
(Tyj is the reduced value of ΨΊ depending of the temperature Τ in
thè element given by CEFICOSS after the time t '.
























VARIATION OF THE ULTIMATE MOMENT


























AF BEAM HEA 500 ; Fe 360 ; C 20 ; S 500
RELATION MOMENT-REINFORCEMENT AREA
1β 18 20 22
AREA OF RE-BARS [ cm* ]
i
6.27 cm' 12.54 cmz= reference 22.69 cm2




q = 84.5 kN/m
EXAMPLE OF USE
M = qL8 76314 kNcmH
L= 8.50 m
Cross section and material qualities
-\ 	 b=250cm 	
14 cm
-,<-
h = 39 cm
2 D 20
S 500
concrete : 35 N/mm2 on cubes
ßcyl = 29.05 N/mm2
HEA 400 : Fe 430 oy = 275 N/mm2
Fire resistance time reached by simulation of the beam : 89.5 minutes
Fire resistance class to be checked : F 90




















































































Muit F 90 for an effective width of















: - 76314 kNcm



















Buckling about major axis














APPENDO! A. TABLES FOR COLUMNS

PART Π: APPENDLX Α. TABLES FOR COLUMNS
TABLE OF CONTENTS
Example of use
Column cross section type AF
Major axis
Column cross section type AF
Minor axis
Column cross section type AFC
Major axis
Column cross section type AFC
Minor axis
Column cross section type AF8
Column cross section type HEC
Major axis
Column cross section type HEC
Page
A- 1
A.2 - A. 18
A. 19- A. 35
A. 36- A. 46
A. 47- A. 56
A. 57- A. 69
A. 70- A. 75










HE 400 A, steel grade Fe 430
8 D 20, steel grade S 500
C 37.35 ( 45 N/mm2 on cubes )
L = 3.05 m
N = 1200 kN
Mi » 300 kNm
M2 = 180 kNm
( strong axis )
>ei = 25.00 cm
> β2 = -15.00 cm







ei/H = 25/39 = 0.641
ψ = ezle, = -15/25 =-0.60
β = exp ' ( α35 + o·3··1'" U'H/ei











EQUIVALENT ECCENTRICITY e = 0.8527· 25 = 21.32 cm
3. INTERPOLATIONS















































































50 N/iW 355 N/mm¿
37.35 N/mm2 275 N/mm2
20 N/mm¿ 235 N/mm¿
94
COLUMN CROSS SECTION TYPE AF.
TYPICAL LAYOUT OF REINFORCING BARS
FOR BENDING ABOUT MAJOR AXIS = STRONG AXIS yy
Β










LAYOUT 1 WHEN 4 REINFORCING BARS
LAYOUT 1 +2 WHEN 8 REINFORCING BARS










> AF-HE 300 A + 4 D 25






































































































































































































































































































































































































































































ULTIMATE LOAD6 IkH] FOR M BCCBRRICITZ OF :
































































































































































ULTIMATE LOADS IMU FOR Ml BOC-BHRXCITT OF :























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ULTIMATE LOADS [kit] FOR AM -SCCB-IRICITI OF :



















































































































































OTTIMATE LOADS IUI] FOR Ml KXHH-elCITÏ OF :













2389.5 2117.2 1535.4 1143.7
1903.2 1647.8 1201.6 906.8
1451.2 1242.0 927.3 716.2
1122.5 951.2 725.6 571.8
3270.1 2752.4 1803.7 1262.0
2383.6 1961.2 1320.1 950.2
1699.0 1391.2 979.5 730.8
1261.2 1028.0 750.0 575.9
2105.5 1857.6 1335.0 988.4
1674.0 1442.1 1042.7 782.7
1335.9 1127.3 825.4 629.8




























































































































































































































































































































































































































































































DESIGNft- > AF-HE 450 A + 12 D 20
SECTION > AF-OCUÜWN








































ULTIMATE IOADS [kit] FOR AH tCCOOKlCSTt OT :







































































































































































ULTIMATE ΙμΟΑΙ» [Ml] FOR Ml -SCC-tBTRICOT OF :

























































































































































































































































































































































































































































































































































































































































































































































































































































































































ULTIMATE LOADS [Ul] FOR AH ECCEWIRICITÌ OF :





















































































































> AF-BE 600 A + 12 D 20





































































































































































































































































































































































































































































































ULTIMATE LOADS [Ml] FOR AH ECCBKRXCXXX OF :































































































































































































































































































































































































































































































































































































































































































































































































































































OTTIMATE U3ADS [UI] FOR AH ECCBRSICTR OF :




































































































































































OTTIMATE IX-ADS [Ml] FOR AH ECCXHTRICXTI OF :



















































































































































COLUMN CROSS SECTION TYPE AF.
TYPICAL LAYOUT OF REINFORCING BARS






















* to be selected in accordance with minimum values in use for reinforced
concrete.and construction details for stirrups, (see EUROCODE 4)
LAYOUT 1 WHEN 4 REINFORCING BARS
LAYOUT 1 +2 WHEN 8 REINFORCING BARS






> AF-BE 300 .
> AF-CCLUWN
> WEAK AXIS










































































































































































































































































































































































































































































OTHMATE LOADS [kH] FOR AH ECCBRRICm OF :













1738.8 1425.8 1194.2 938.4 772.0
1192.9 893.2 746.3 592.7 496.0
515.4 431.9 391.2 340.5 303.3
274.8 245.4 231.7 212.7 197.3
2438.4 1929.7 1575.3 1204.1 973.1
1521.3 1119.5 928.2 731.5 609.4
914.3 660.3 564.0 460.7 394.0
514.3 390.1 346.8 296.1 261.0
1559.6 1302.2 1105.7 882.5 733.5
1098.9 846.8 717.3 577.5 487.3
740.4 542.5 465.7 382.4 328.0



















































































OT- LOADS [MJ FOR AH BCCBRRICITT OT :
c 5.0c 7.5c 10.0c 15.0c 20.0c 25.0c 30.0c
1806.6 1415.2 1147.2 870.4 700.2 585.1 439.6 345.6
1129.0 820.3 676.3 530.1 440.3 378.9 299.6 246.0
531.4 422.9 374.6 317.8 278.3 249.0 208.0 177.3
279.9 240.4 223.3 200.8 183.3 169.2 147.9 130.2
1190.3 976.7 818.4 643.5 529.6,. 449.6 344.7 274.5
853.8 638.5 533.2 423.2 354.0 306.1 243.5 200.6
407.3 333.5 299.0 257.2 227.2 204.6 172.3 147.7
222.1 194.6 182.2 165.5 152.3 141.5 124.7 110.4
1698.0 1342.7 1095.6 836.9 676.2 566.7 427.3 336.7
1063.9 787.3 654.3 516.9 431.3 372.3 295.5 243.1
687.0 491.2 418.2 340.5 290.6 255.5 208.8 175.6
415.3 305.4 268.9 227.4 199.1 178.4 149.7 128.3
1073.6 897.0 762.0 608.5 505.9 432.6 335.0 268.4
771.7 599.6 509.9 412.3 348.8 303.9 244.0 202.2
559.6 408.1 349.8 286.7 245.7 216.6 177.5 149.6

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ABBED RH WO« HKS



















































































































































































































































































































































































ULTIMATE LOADS IMI] FOR AH KCEHISICIR OF :


















































































































ta] O.Oc 1.0c 2.5c
ULTIMATE LOADS [kH] FOR AH TCCBRBICITX OF :






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TYPICAL COLUMN CROSS SECTION TYPE AFC.
FOR BENDING ABOUT MAJOR AXIS = STRONG AXIS yy














UWIMAIB LOADS [UI] FOR AH ECCEHHUCITI OF :





































































































































































































































auna« loads [Ui] for ah


















































































































































DESIGNATION > AEC-HE 500 A + 2 1/2 HE 140 M
SECTION > APC-COLÜWN




























































































































































































































































































ULTIMATE LOADS [Ml] FOR AH ECCEWTRICITÏ OF :












































































































































































mXUniE LOADS [kH] FOR AH




































































































































































































































































































































































DESIGNATION > AFC-HE 550 A + 2 1/2 BE 140 M
SECTION > APC-CCUJ-N



























































































































































































































































































































ULTIMATE LOADS [kH] FOR AH ECCEBTRICtTT OF :








































































































































































































































































































































































































































































































































































DESIGNATION > AFC-HE 600 A + 2 1/2 BE 140 M
SECTION > AFC-COUMí
BUCKLING > STRONG AXIS
ABBED RECHERCHES
FIRE CLASS F90


















































































































































































































































































































































































































































DESIGNATION > AFC-BE 650 A + 2 1/2 HE 140 M
SECTION > ATC-CCUMí



































































































































































































































































































































































































































































































































































































































































































































































































































































































> AFC-BE 700 A + 2
> AFC-C0LUM4
> STRONG AXIS


















































































































































































LOADS [kH] FOR AH HI UHMTCITT OF :
















































































































































































































DESIGNATION > APC-HE 700 A + 2 1/2 HE 140 M
SECTION > AFC-COUMÏ











































































































ULTIMATE LOADS [kH] FOR AH ECOTTTRIC-TX OF :


























































































































































































OTTIMATE LOADS [kH] FOR AH -KOBRRICT-T OF :






















































































































> AFC - BE 500 A +
> ATC-COLUMN
> WEAK AXIS









































































OTTIMATE LOADS [kH] FOR AH ECCEHIRICIIT OF :




















































































































































ULTIMATE LOADS [kH] FOR AH ECCEHTRICITT OF :


























































































































































































































































































































































ARBED HM! t4WK Vf?.
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DESIGNATION > AFC -HE600A+2*1/2HE140M
SECTION > AFC-COLUN





































ULTIMATI LOADS [kH] FOR AH ECCKRICTTZ OF :


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































COLUMN CROSS SECTION TYPE AF8
TYPICAL LAYOUT OF REINFORCING BARS
FOR BENDING ABOUT MAJOR (STRONG) AXIS yy AND BENDING
ABOUT MINOR (WEAK) AXIS zz, ULTIMATE LOADS ARE IDENTICAL,









LAYOUT 1 WHEN 8 REINFORCING BARS
LAYOUT 1 +2 WHEN 12 REINFORCING BARS










ta] O.Oc l.Oc 5.0c
UUnHAIE LOADS [kH] FOR AH -CCC-DHRXCnr OF :

















































































































































































































ULTIHAIE LOADS IkH] FOR AH ItU-UM-UdR OF :
5.0c 10.0c 20.0c 30.0c 45.0c 60.0c 100.0c 180.0c
3741.1 2908.4 1672.6 1094.2
2096.9 1670.7 1075.1 755.7
1031.1 876.9 648.9 498.4
591.1 522.8 421.4 344.4
2695.1 2169.9 1317.4 884.8
1563.7 1283.9 861.5 619.1
815.2 705.1 534.5 416.8
482.3 431.0 352.6 291.2
3345.6 2579.9 1466.2 953.9
1975.2 1533.7 954.6 660.1
980.7 814.6 584.0 440.2
553.3 480.9 378.7 304.6
2294.1 1845.3 1118.6 750.7
1424.6 1150.7 754.4 535.4
752.1 639.8 473.6 363.8








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































BUCKLING > STRONG AXIS
ARBED RECHERCHES
ETRE CIASS F30






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































COLUMN CROSS SECTION TYPE HEC
TYPICAL LAYOUT OF REINFORCING BARS
valid for any steel shape
For bending about major axis = strong axis yy



















DESIGNATION > H> 210 x 210 x 71 ENCASO) IN CONCRETE
SECTION > HEC-O-W-N








































































































































































































































































































































































































































> HD 260 χ 260 χ
> ΒΕΠ-ΟΟΟΜί
> STRONG AXIS
























































ULTIMATE LOADS [kH] FOR AH EU-UHJUCTR OF :










































































































































































































































































































































































> H) 310 χ 310
> BEC-CaUK
> STRONG AXIS





ULTIMATE LOADS [kH] FOR .
5.0c 10.Oc 20.0c 30.0
muimcnT or :






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DESIGNATION > HD 360 Χ 360 Χ 148 ENCASH) IN CONCRETE
SECTION > HEC-COUMN




la] 0.0c l.Oc 2.S
ULTIMATE LOADS [kH] FOR AH
5.0c 7.5c 10.0c
-CCCHRRXCXTI OF :


















































































































































































































(a) 0.0 l.Oc 2.S
OLTXKME LOADS [kH] FOR AH ECCSHTRICITT OF













































































































































































































































































































































































































































































































































































































































APPENDO! B. TABLES OF THE ULTIMATE
BENDING MOMENTS OF BEAMS

PART Π: APPENDIX Β. TABLES OF THE ULTIMATE




Encased beam cross section







TABLES FOR BEAMS - EXAMPLE OF USE
ρ = ? for F 90
I-
	 L = 8.50 m 	
Cross section and material qualities
-4	 b=250cm 	 J(-
14 cm
-"
h = 39 cm
2 D 20
S 500
concrete : 35 N/mm2 on cubes
ßcyl = 29.05 N/mm2
HEA 400 : Fe 430 oy = 275 N/mm2












































































Muit F 90 for an effective width of














7.5 h = 292.5 cm
8x72170.84

































TYPICAL AF-BEAM CROSS SECTION
60




; y / / rJ[> ? j > . i
J4-60*
* to be selected In accordance
with the standards for
reinforced concrete.
LAYOUT 1 WHEN 2 REINFORCING BARS
LAYOUT 1 +2 WHEN 4 REINFORCING BARS
183
υυΠΜΚΓΕ BBPIMG KOBBS [ιοί]
BEAN SHAPE > HE 400 A + 2 D 20 | h- 39cm


























































































































































602 1039 1101 1143
602 1219 1298 1344


























ULTIMASE B-3PINS MCMEWCS [Uto]
BEAN SHAPE > HE 500 A + 4 D 20 | h - 49cm


































































































































































































































































































Oh 5h 7.5h lOh Oh 5h 7.5h lOh
1282 1768 1873 1946 1049 1495 1586 1649
1282 1956 2080 216« 1049 1672 1778 1858 j
1282 2149 2296 2405 1049 1847 1977 2067











































































































































































ULTIMATE BETOPC MCWENTS [kNm]
BEAM SHAPE > HE 800 A + 4 D 25 | h - 79cm





































Oh 3.8h 5.7h 7.6h
1846 2402 2599 2692
1846 2680 2826 2934
1846 2884 3075 3200






















F.360 (SO 12 | 2107
F.360 (SO 16 2107
F.360 CSO I 20 2107






































































































F.510 C50' 12 i 2905
I t
F.510 C501 16 | 2905
F.510 (SOI 20 ! 2905















































BEAM SHAPE > HE 1000 A + 4 D 25 | h - 99cD




F.360 C20 12 3233
F.360 C20 16 | 3233
F.360 C20 20 3233



















Oh 3h 4.6h 6.1h
2769 3564 3817 3986
2769 3872 4101 4255
2769 4145 4379 4559



























































































































































































υϋΠ-ΜΑΙΕ BEtPUüS MOMENIS [ktto]
BEAM SHAPE
TYPE








































Oh 5h 7.5h lOh
371 657 693 712
371 752 796 815
371 854 897 916



































































































































































































ÜLT-MAIÉ BBPING «ΟΒΠ5 [ktto]
BEAM SHAPE
TYPE














































































































































































































































* any distance In accordance
with the standards for
reinforced concrete
- suggested first bar at the edge of the steel shape
191
υϋΠΜΚΓΒ BBPING MOCTIS [luto]
BERN SHAPE > BD 260x260x73 + 8 D 12 h = 25,3 CITI




























Γ·360 CSO 28.9 283 , 316 323 232 253 , 258 195 213 218
F»510 C20 26.9 291 305 ' 318 221 I 233 248 179 192 207
V*510 CSO 28.9 334 379 399 263 304 325 221 256 276
192
ULTIMME BODING MOMENTS [kMOtt]
BERM SHAPE > HD 260x260x131 + 8 D 16 h = 27,5 Cm
















7.5h 10h 5h 7.5h
363 382 274 297
10h
315
F«360 C50 30 520 575 628 403 447 492 335 380 410
Γ·510 C20 30 580 592 603 425 436 457 337 351 370
F*510 C50 30 625 675 734 475 527 570 389 437 475
193
ULTIMB3E BBPnC MC-MEMES [kNm]
BERM SHAPE > H) 310x310x130 + 8 D 16 h = 31 , 8 Cm



















7.5h 10h 5h 7.5h
448 470 347 370
10h
388
F«360 CSO 34.75 627 680 715 490 548 573 408 ! 460 482
F*510 C20 34.75 700 719 742 526 545 566 425 446 463
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APPENDIX C. MOMENT - CURVATURE
DIAGRAMS FOR BEAMS
TABLE OF CONTENTS
AF-BEAM HE 400 A (F30, F60, F90 and F 120)
Different types of AF-BEÃMS (F120)




























1550. 2100. 2650. 3200. 9750.
CURVATURE -rid/·) IP'S
Fe 360 C20
+ Fe 360 C50
Fe 510 C20











950. 1850. 2750. 9C50. 4550. 5450.
CURVATURE Irtá/s. 10*5
MOMENT OtlW
AF-BEAM HE 400 A + 2 D 20 d=12 cm eff. b/h=10
1850. 2900. 9950. 5000. (050.
CURVATURE Irad/sJ 10*5
D Fe 360 C20 o Fe 510 C20




















ö Fe 360 C20 «
+ Fe 360 C50 x
AF-BEAM HE 400 A + 2 D 20 d=16 cm eff. b/h=5
- _ .. -
30 min
1500. 2000. 2500. 9000. 9500.
CURVATURE (raéVri 10*5
AF-BEAM HE 400 A + 2 D 20 d=16 cm eff. b/h=7.5
30 min
r-·»




























L(00. 2950. 9100. 9850. 4600.
CURVATURE (rad/ri 10*5
AF-BEAM HE 400 A + 2 D 20 d=20 cm eff. b/h=5
^ Xr
	 -χ
x" 	 -	 -~r +
ι ·
30 min
1000. 1400. 1800. 2200. 2(00. 9000.
CURVATURE Irad/aJ 10*5
α Fe 360 C20 o Fe 510 C20

























1500. 2150. 2800. 9450. 4100.
CURVATURE trad/a] 10*5
o Fe 360 C20
+ Fe 360 C50
o Fe 510 C20











1250. 4950. 7450. 10550. 19(50. 1(750.
CURVATURE (rad/ri 10*5
MOMENT (MW






1250. 4(50. »050. 11450. 14850. 18250.
CURVATURE (rad/a) 10*5
Fe 360 C20 « Fe 510 C20













. - - -
60 min
1000. 4000. 7000. 10000. 19000. 1(000.
CURVATURE (rad/ri 10*5
MOMENT (MW







1000. 4900. 8800. 12700. 1M00. 20500.
CURVATURE (rad/ri 10*5
α Fe 360 C20 o Fe 510 C20
















1250. 4(50. 8050. 11450. 14850. 18250.
CURVATURE (rad/ai 10*5
MOMENT (MW







1000. 2400. 9800. 5200. ((00. 8000.
CURVATURE (rad/ai 10*5
o Fe 360 C20 o Fe 510 C20














1000. 2(00. 4200. 5800. 7400. 9000.
CURVATURE (rad/ri 10*5
MOMENT (MW







1250. 9050. 4850. ((50. 8450. 10250.
CURVATURE (rad/al 10*5
α Fe 360 C20 Fe 510 C20

























2400. 9800. 5200. ((00. 8000.
CURVATURE (rad/ai 10*5
α Fe 360 C20
+ Fe 360 C50
o Fe 510 C20














6450. 11650. 1(850. 22050. 27250.
CURVATURE (rad/ri 10*5
MOMENT (MW






1250. 5550. 9850. 14150. 18450. 22750.
CURVATURE (rad/ri 10*5
Fe 360 C20
+ Fe 360 C50
o Fe 510 C20














1000. (800. 12(00. 18400. 24200. 90000.
CURVATURE (rad/ad 10*5
MOMENT (MW






ü Fe 360 C20 o Fe 510 C20
+ Fe 360 C50 x Fe 510 C50
90 min














(450. 11(50. 16850. 22050. 27250.
CURVATURE (rad/M 10*5
MOMENT OtlW






1250. 7950. 14650. 21950. 28050. 94750.
CURVATURE (rad/n) 10*5
α Fe 360 C20
+ Fe 360 C50
o Fe 510 C20


















Fe 360 C20 o
+ Fe 360 C50 x




7900. 14800. 21700. 2M00. 95500.
CURVATURE (rad/ri 10*5
AF-BEAM HE 400 A + 2 D 20 d=20 cm eff. b/h=5
X
90 min







- 	 "- 	
MOMENT IkM






1250. 9150. 17050. 24950. 92850. 40750.
CURVATURE (rad/rf 10*5
MQICNT (MW






1000. 8900. 15(00. 22900. 90200. 97500.
CURVATURE (rad/ri 10*5
α Fe 360 C20 o Fe 510 C20















1500. 7200. 12900. 18(00. 24900. 90000.
CURVATURE (rad/ai 10*5
mocht (mw







1250. 8950. 15450. 22550. 29(50. 9(750.
CURVATURE (rad/ai 10*5
o Fe 360 C20 o Fe 510 C20

























10000. 19000. 28000. 97000. 46000.
CURVATURE (rad/ai 10*5
π Fe 360 C20
+ Fe 360 C50
o Fe 510 C20














1250. (850. 12450. 18050. 29(50. 29250.
CURVATURE (rad/ri 10*5
MOMENT (MW







1250. 9450. 17(50. 25850. 94050. 42250.
CURVATURE (rad/ri 10*5
Fe 360 C20
+ Fe 360 C50
o Fe 510 C20
x Fe 510 C50
MOMENT-CURVATURE DIAGRAM
ARBED RECHERCHES
218
	
